(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 1 406 203 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) mtci7: G06F 19/00, A61B 17/00 




07.04.2004 Bulletin 2004/15 






(21) 
\^ 1 f 


Annliration numbpn 03255895 9 






(22) 


Date of filing: 19.09.2003 






(84) 


Designated Contracting States: 


(72) 


Inventor: kitson, David 




AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 




Dudsbury Dorset BH22 8RG (GB) 




HU IE IT LI LU MC NL PT RO SE SI SK TR 








Designated Extension States: 


(74) 


Representative: McGowan, Cathrine 




AL LT LV MK 




D Young & Co, 








21 New Fetter Lane 


(30) 


Priority: 26.09.2002 GB 0222414 




London EC4A1DA (GB) 


(71) 


Applicant: Meridian Technique Limited 








Southampton S016 7NP (GB) 







(54) Orthopaedic surgery planning 



(57) A computer-implemented method of planning 
orthopaedic surgery comprises providing a library of 
templates representing orthopaedic prostheses, dis- 
playing and scaling one or more patient images such as 
X-ray images, allowing a user to reconfigure geometri- 
cal constructs displayed over the images to match the 
construct to anatomical features shown in the image; 
and selecting one or more templates from the library in 
accordance with parameters of the reconfigured con- 
structs. The templates correspond to the orthopaedic 
prosthesis or prostheses which are most suitable forthe 
patient. Hip replacement surgery can be planned using 
a single patient image. Knee surgery can be planned 
using two patient images showing different views of the 
anatomical features, in which case geometrical con- 
structs for use with each view are provided. The library 
of templates is accessible via the Internet so as to be 
accessible by users in any location and readily update- 
able. 



Q input 



S1 



SCALE 



PLAN 



TEMPLATE 



S2 



S3 



S4 



V 

OUTPUT 



S5 



CM 
< 

CO 

o 

CM 
CO 

o 



Fig. 1 



CL 
LU 



Printed by Jouve ; 75001 PARIS (FR) 



1 



EP 1 406 203 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a computer-imple- 
mented method of planning orthopaedic surgery, in par- 
ticular surgery for the replacement of hip and knee 
joints, and also to a computer program product for use 
in the planning of orthopaedic surgery. 
[0002] Orthopaedic surgery includes the replacement 
of damaged or worn joints with prostheses or implants. 
It is desirable to perform some pre-operative planning 
in order to select a prosthesis which is an appropriate 
size for the patient. Typically, this is done by using tem- 
plates representing a two-dimensional projection of a 
three-dimensional prosthesis. The templates are in the 
form of pre-printed acetate sheets which are overlaid on 
X-ray images of the joint which is to be replaced. This 
technique allows a surgeon to choose a suitable pros- 
thesis from those available, and also to plan surgical cut 
lines and determine the required orientation of the pros- 
thesis. The X-ray image with its overlaid template is re- 
ferred to by the surgeon during the operation. 
[0003] However, there are a number of disadvantages 
associated with this templating technique. In general, it 
only provides an approximate guide to prosthesis size 
because X-ray images have a range of magnifications, 
which for any given image may not correspond with 
magnifications assumed in available templates. In any 
case, the exact magnification may not be known. Accu- 
racy may also be compromised by the orientation of 
bones shown in the image; any bone lying in a plane 
non-parallel to the image plane will appear foreshort- 
ened so that its length and position will be difficult to 
determine. 

[0004] Any inaccuracies in the planning process can 
lead to the selection of an unsuitable prosthesis. This 
may result in increased length of the subsequent oper- 
ation, as the surgeon may require an alternative pros- 
thesis to be obtained or may have to make additional or 
further incisions beyond those planned. In the longer 
term, a poorly selected prosthesis is more likely to fail 
early or be subject to other post-operative complica- 
tions, and require substitution at a later date. 
[0005] All of these factors tend to increase costs by 
requiring extra hospital staff time and patient care, and 
also cause increased pain and inconvenience to the pa- 
tient. 

[0006] Consequently, it is desired to provide an im- 
proved orthopaedic surgery planning method. 

SUMMARY OF THE INVENTION 

[0007] Accordingly, a first aspect of the present inven- 
tion is directed to computer-implemented method of 
planning orthopaedic surgery, comprising: 

providing a library of templates representing ortho- 



paedic prostheses; 

displaying a patient image showing anatomical fea- 
tures that are relevant for the orthopaedic surgery 
being planned; 
5 scaling the patient image according to user input; 

displaying over the patient image a geometrical 
construct defined by a plurality of interrelated geo- 
metric parameters; 

allowing a user to reconfigure the geometrical con- 
10 struct by adjusting the geometric parameters ac- 
cording to the anatomical features of the underlying 
patient image; and 

selecting at least one template from the library in 
accordance with the geometric parameters set by 
15 the user. 

[0008] The benefits of a computer-implemented 
method of planning orthopaedic surgery are substantial. 
There is currently a great interest in developing digital 

20 medical imaging techniques, including digital radiogra- 
phy. The resulting digital images can be stored in a cen- 
tral archive in a hospital and accessed either from a 
computer workstation positioned on a local computer 
network within the hospital or from a more remote ma- 

25 chine by making use of the Internet. Also, they can read- 
ily and quickly be transferred between hospitals if pa- 
tients are moved. Such features are advantageous over 
corresponding ways of working with conventional imag- 
es such as X-ray films ; which exist only as a single ver- 
so sion; are costly to produce, time-consuming to transfer, 
for example via internal and external postal networks; 
and are prone to loss or damage. Moreover, the images 
themselves can be of better quality than those obtained 
by conventional imaging methods, and in the case of 

35 radiography, lower X-ray doses can be used, which is 
clearly beneficial to patient health. 
[0009] New systems for handling these digital images 
in ways which derive the most benefit from them have 
been developed. Most notable at the present time are 

40 the Picture Archiving and Communications Systems 
(PACS) which are being introduced into hospitals. 
These are systems which can electronically acquire, 
manage, store and deliver digital images for a whole 
hospital. Images can be stored directly to a central ar- 

45 chive from digital imaging apparatus used to obtain 
them. Each image is stored together with associated pa- 
tient information, and can be accessed from any work- 
station connected to the archive, or possibly remotely 
over the Internet or a large area network. The patient 

50 images may be stored in a variety of file formats, such 
as .jpeg, .tiff, or.gif. Use of an image format that is com- 
patible with the DICOM standard is preferred, as this is 
commonly used in hospitals for handling digital images. 
[0010] With these improved image acquisition and 

55 storage methods comes the need to adapt old tech- 
niques to the new digital images. In the case of planning 
orthopaedic implant surgery, if a surgeon desires to use 
the conventional templating technique, he must produce 
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a hard copy of the relevant digital X-ray image. This is 
costly, slow and negates many of the advantages of the 
digital image systems. Conversely, using a computer to 
perform planning allows many disadvantages of con- 
ventional templating to be addressed, so that it may be 
beneficial in some cases to convert a film X-ray to a dig- 
ital image to allow computer-implemented planning to 
be performed. 

[0011] By handling X-rays digitally and planning pro- 
cedures on screen, it will be possible to eliminate both 
the direct cost of films and also indirect costs such as 
hardcopy management and environmental costs. In the 
longer term, digital X-ray and planning technology will 
enable teleradiology applications. 
[0012] The present invention allows any magnifica- 
tion of the X-ray image to be accurately taken into ac- 
count and corrected for. This helps to avoid selection 
and subsequent implantation of an incorrectly sized 
prosthesis, thus increasing the chance that the opera- 
tion will be successful. 

[0013] Also, it is possible to ensure that the surgeon 
has access to templates of all available prostheses at 
any given time, by providing the templates in a library, 
which can be stored on the computer or elsewhere on 
an associated network. The library can readily be kept 
up to date and can carry a wide range of templates. Of- 
ten, a hospital will stock prostheses from only one or two 
manufacturers, so the library is preferably arranged so 
only a subset of the included prostheses is accessible 
by a user in that hospital, corresponding to those used 
by (and in many cases stocked by) the hospital. Also, 
the use of digital images in conjunction with digital tem- 
plates removes difficulties arising from the magnification 
of the images, such as the need to provide a wide se- 
lection of differently sized acetate templates to cover a 
range of magnifications. 

[001 4] The use of an adjustable geometrical construct 
introduces a high level of flexibility into the planning 
method, by allowing the surgeon to fit the construct ac- 
curately in all directions. This assistthe surgeon to spec- 
ify a precise mapping of the patient's bone structure, giv- 
ing a better match to the available prostheses. The ge- 
ometrical construct may be specific to and customised 
to a brand of orthopaedic prosthesis previously selected 
by the user. 

[0015] In a preferred embodiment the patient image 
is an X-ray image. Typically, surgeons will use X-ray im- 
ages to plan orthopaedic surgery. However, the present 
invention is not limited to the use of X-ray image. The 
patient image may alternatively by any suitable medical 
image showing the anatomical features of interest. 
These may include images obtained by computer tom- 
ography or magnetic resonance imaging. 
[0016] The geometric parameters may include 
lengths and/or angles. This allows anatomical features 
to be mapped in a way that corresponds with character- 
istics of the prostheses. 

[0017] The method may further comprise, before the 



selecting: 

displaying a further patient image showing anatom- 
ical features that are relevant for the orthopaedic 
5 surgery being planned; 

scaling the further patient image according to user 
input; 

displaying over the further patient image a further 
geometrical construct defined by a plurality of inter- 
ne related further geometric parameters; and 

allowing a user to reconfigure the further geometri- 
cal construct by adjusting the further geometric pa- 
rameters according to the anatomical features of 
the underlying further patient image; 
15 and wherein the selecting at least one template is 
in accordance with the geometric parameters and 
the further geometric parameters set by the user. 

[0018] Some orthopaedic surgical procedures can 

20 usefully be planned by considering two alternative im- 
ages of the anatomical features of interest. Both the 
prostheses and the bone structure are three-dimension- 
al, so that consideration of the bone structure from more 
than one view can lead to the choice of a better fitting 

25 prosthesis, because geometric parameters in three di- 
mensions can be used in the template selection. For ex- 
ample, the patient image may be an anterior-posterior 
view and the further patient image can be a medio-lat- 
eral image. Alternatively, three or more patient images 

30 can be used in the planning method. 

[001 9] In one embodiment the geometric parameters 
can be adjusted according to anatomical features of a 
femur so as to allow selection of a template representing 
a femoral component of a hip prosthesis and/or a tem- 

35 plate representing an acetabular component of a hip 
prosthesis. The method is well-suited to the planning of 
hip replacement surgery, which can be performed rela- 
tively simply using a single X-ray image of the patient's 
pelvic area, typically in an anterior-posterior view. How- 

40 ever, hip revision surgery, in which a failed prosthesis is 
replaced, may require consideration of two patient im- 
ages. 

[0020] In an alternative embodiment, the geometric 
parameters and further geometric parameters are ad- 

45 justed according to anatomical features of a knee joint 
so as to allow selection of templates representing fem- 
oral and tibial components of a knee prosthesis. The 
planning of knee replacement surgery typically requires 
two orthogonal images of the knee joint to be consid- 

50 ered, to provide sufficient parameters for a good match 
of prosthesis to be obtained. 

[0021] A second aspect of the present invention is di- 
rected to a computer-implemented method of planning 
orthopaedic surgery, comprising: 

55 

providing a library of templates representing ortho- 
paedic implants; 

displaying first and second patient images showing 
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anatomical features that are relevant for the ortho- 
paedic surgery being planned; 
scaling the first and second patient images accord- 
ing to user input; 

displaying over the first patient image a first view of 
a geometrical construct, the geometrical construct 
being defined by a plurality of geometric parameters 
in three dimensions; 

displaying over the second patient image a second 
view of the geometrical construct; 
allowing a user to reconfigure the geometrical con- 
struct according to the anatomical features of the 
underlying patient images, by adjusting geometric 
parameters adjustable in the first and second views; 
and 

selecting a template from the library in accordance 
with the geometric parameters set by the user. 

[0022] The method according to the second aspect is 
well-suited to complex planning, such as for a knee re- 
placement operation. As mentioned above, to obtain a 
good fit for a knee implant, the surgeon normally con- 
siders more than one patient image, taken from different 
directions, which is laborious when using conventional 
acetate templates. According to the above-described 
first aspect of the present invention, two images can 
readily be considered by providing a geometrical con- 
structor each image, and using the geometrical param- 
eters from each to select the template. The second as- 
pect achieves the same result by the alternative ap- 
proach of providing a single three-dimensional geomet- 
rical construct which is viewed in each image direction 
as a two-dimensional projection in that direction. The 
patient's bone structure can hence be mapped in all rel- 
evant directions at once, with no mismatch between 
templating of the two images. This approach permits 
ready extension of the method to further image direc- 
tions, because there is no need to provide further indi- 
vidual constructs, merely further projections of the ex- 
isting construct. The computer-implemented scaling al- 
lows both images to be properly scaled, thus eliminating 
any errors which may arise if the images have different 
magnifications. 

[0023] In one embodiment, the first patient image is 
an anterior-posterior view and the second patient image 
is a medio-lateral view. 

[0024] The geometric parameters can be adjusted ac- 
cording to anatomical features of a femur and/or a tibia 
so as to allow selection of a template representing a 
femoral component of a knee prosthesis and/or a tem- 
plate representing a tibial component of a knee prosthe- 
sis. 

[0025] Alternatively, the geometric parameters can be 
adjusted according to anatomical features of a femur so 
as to allow selection of a template representing a fem- 
oral component of a hip prosthesis. 
[0026] According to a third aspect of the present in- 
vention there is provided a computer program product 



carrying machine-readable instructions for implement- 
ing the method of the first aspect of the invention. Ac- 
cording to a fourth aspect of the present invention there 
is provided a computer program product carrying ma- 
5 chine-readable instructions for implementing the meth- 
od of the second aspect of the invention. The machine- 
readable instructions may be stored in a recording me- 
dium, such as volatile or non-volatile computer memory, 
magnetic or optical storage media. The machine-read- 
10 able instructions may also be conveyed on a transmis- 
sion medium, such as a wireless transmission medium, 
a conducting cable or an optical cable. 
[0027] According to a fifth aspect of the present inven- 
tion there is provided a computer system for implement- 
's jng a method of planning orthopaedic surgery, compris- 
ing: 

memory in which is stored: 

20 a library of templates representing orthopaedic 

prostheses; and 

patient images showing anatomical features 
that are relevantforthe orthopaedic surgery be- 
ing planned; 

25 

a display device operable to display one of the pa- 
tient images; and 
a processor operable to: 

30 scale the displayed patient image according to 

user input; 

display over the patient image a geometrical 
construct defined by a plurality of interrelated 
geometric parameters; 
35 allow a userto reconfigure the geometrical con- 

struct by adjusting the geometric parameters 
according to the anatomical features of the dis- 
played patient image; and 
select at least one template from the library in 
40 accordance with the geometric parameters set 

by the user. 

[0028] In one embodiment, the display device is fur- 
ther operable to display a further one of the patient im- 
45 ages; and 

the processor is further operable to: 

scale the displayed further patient image according 
to user input; 

50 display over the further patient image a further ge- 
ometrical construct defined by a plurality of interre- 
lated further geometric parameters; 
allow a user to reconfigure the further geometrical 
construct by adjusting the further geometric param- 
55 eters according to the anatomical features of the 
displayed further patient image; and 
select at least one template from the library in ac- 
cordance with the geometric parameters and the 
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further geometric parameters set by the user. 

[0029] According to a sixth aspect of the present in- 
vention there is provided a computer system for imple- 
menting a method of planning orthopaedic surgery, 
comprising: 

memory in which is stored: 

a library of templates representing orthopaedic 
prostheses; and 

patient images showing anatomical features 
that are relevantforthe orthopaedic surgery be- 
ing planned; 

a display device operable to display a first and a 
second of the patient images; and 
a processor operable to: 

scale the displayed patient images according 
to user input; 

display over the first patient image a first view 
of a geometrical construct, the geometrical con- 
struct being defined by a plurality of geometric 
parameters interrelated in three dimensions; 
display overthe second patient image a second 
view of the geometrical construct; 
allow a userto reconfigurethe geometrical con- 
struct according to the anatomical features of 
the underlying patient images, by adjusting ge- 
ometric parameters adjustable in the first and 
second views; and 

select a template from the library in accordance 
with the geometric parameters set by the user. 

[0030] In a preferred embodiment, the library of tem- 
plates is stored such that it can be accessed by the proc- 
essor via the Internet. This arrangement gives a central 
library that can be administered by a single provider and 
accessed by users in any hospital with Internet access. 
In this way, library can conveniently be kept fully up to 
date for all users. 

[0031 ] Advantageously, the patient images are stored 
in an archive comprised within a Picture Archiving and 
Communication System. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] For a better understanding of the invention and 
to show how the same may be carried into effect refer- 
ence is now made by way of example to the accompa- 
nying drawings in which: 

Figure 1 is a flow diagram illustrating steps in a 
method of planning orthopaedic surgery according 
to embodiments of the present invention; 
Figure 1 (a) shows a schematic diagram of a com- 
puter network suitable for implementing the method 



of Figure 1 ; 

Figure 2 shows a screen shot of a computer window 
for performing a scaling step of a first embodiment 
of the method of Figure 1 ; 
5 Figure 3 shows a screen shot of a computer window 

for performing a planning step of a first embodiment 
of the method of Figure 1 ; 

Figure 3(a) shows a schematic representation of a 
geometrical construct used in the planning step of 
Figure 3; 

Figure 4 shows a screen shot of a computer window 
for performing a templating step of a first embodi- 
ment of the method of Figure 1 ; 
Figure 5 shows a screen shot of a computer window 
for performing a planning step of a second embod- 
iment of the method of Figure 1 ; 
Figure 5(a) shows a schematic representation of a 
geometrical construct used in the planning step of 
Figure 5; 

Figure 6 shows a further screen shot of a computer 
window for performing a planning step of a second 
embodiment of the method of Figure 1 ; 
Figure 6(a) shows a schematic representation of a 
geometrical construct used in the planning step of 
Figure 6; 

Figure 7 shows a screen shot of a computer window 
for performing a templating step of a second em- 
bodiment of the method of Figure 1 ; and 
Figure 8 shows a further screen shot of a computer 
window for performing a templating step of a sec- 
ond embodiment of the method of Figure 1 . 

DETAILED DESCRIPTION 

First Embodiment - Hip Replacement Surgery Planning 

[0033] The first embodiment of the invention relates 
to computer-implemented planning for hip replacement 
surgery. In this operation, the head of the femur is re- 
placed with a metal implant having a stem which is in- 
serted into the canal within the femur (femoral compo- 
nent), and/or the acetabulum in the pelvis is replaced 
with a metal, ceramic or plastic cup-shaped implant 
(acetabular component). In this example, the planning 
is based on a previously obtained X-ray image of a pa- 
tient's pelvic region, although images obtained by alter- 
native imaging techniques may also be used. 
[0034] Figure 1 shows the basic steps of the planning 
procedure. 

[0035] In Step S1, an input step, an X-ray image is 
loaded into a computer system and displayed to a user. 
The computer system contains software operable to ex- 
ecute the various steps of the planning procedure. The 
X-ray image is an anterior-posterior (from the front) view 
of the patient showing anatomical features that are rel- 
evant for the hip replacement surgery being planned, 
namely the pelvis and upper parts of the left and right 
femurs. 
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[0036] In Step S2, a scaling step, the X-ray image is 
scaled according to user input so that dimensions of the 
relevant bones can be accurately compared with assort- 
ed sizes of prosthesis. The scaling step is performed in 
a scaling window displayed by the computer system. 
[0037] In Step S3, a planning step, a geometrical con- 
struct defined by a plurality of interrelated geometric pa- 
rameters is displayed over the X-ray image. The user 
configures the geometrical construct by adjusting its ge- 
ometric parameters according to the anatomical fea- 
tures of the underlying pelvic image. The planning step 
is performed in a planning window displayed to the user 
by the computer system. 

[0038] In Step S4, a templating step, templates of the 
prosthetic components are displayed over the X-ray im- 
age. The templates are scaled representations of fem- 
oral and acetabular components that have been select- 
ed automatically according to a prosthesis selection al- 
gorithm. This algorithm selects the templates from a 
template library or database in accordance with the ge- 
ometric parameters set by the user in the planning step. 
The templating step is performed in a templating window 
displayed to the user by the computer system. There is 
also the facility to allow the userto return to the planning 
windowfrom thetemplating window and readjustthe ge- 
ometrical construct, for example if the displayed tem- 
plate represents an apparently unsatisfactory prosthe- 
sis. The prosthesis selection algorithm can then be re- 
applied to update the templating window. This iterative 
possibility is indicated by the feedback arrow leading 
from Step S4 to Step S3 in Figure 1 . It is also possible 
for the user to position and rotate the template directly. 
[0039] In Step S5, an output step, the surgery plan- 
ning is complete and the result of the planning proce- 
dure is output from the computer system. The result is 
the specification of a prosthesis from those determined 
by the prosthesis selection algorithm as being suitable 
for the patient. 

[0040] Each of the steps is now discussed in more de- 
tail. 

Step S 1 - Input 

[0041] The input step involves obtaining a digital ver- 
sion of the desired X-ray image and displaying it on a 
workstation for viewing by the user. Preferably, the work- 
station has access to a Picture Archiving and Commu- 
nication System (PACS). This is a hospital-based com- 
puterised system which can store diagnostic images of 
different types (including X-ray images, computerised 
tomography (CT) images, magnetic resonance imaging 
(MRI) images) in a digital format organised in a single 
central archive. Each image has associated patient in- 
formation such as the name and date of birth of the pa- 
tient also stored in the archive. The archive is connected 
to a computer network provided with a number of work- 
stations, so that users all around the hospital site can 
access and view any image as needed. Additionally, us- 



ers remote from the site may be permitted to access the 
archive over the Internet. 

[0042] If a PACS archive is available, the input step is 
achieved by the user accessing the PACS archive and 
5 selecting the appropriate X-ray image. The data file for 
the image is then transferred over the network to the 
user's workstation, and the image is displayed on the 
workstation's monitor. 

[0043] In the absence of a PACS or similar archive, 
the digital X-ray image may be provided on a CD-ROM 
or other computer readable storage device, or down- 
loaded directly from a digital radiography imager, which 
takes X-ray images in a digital format. If it is desired to 
use an X-ray image which has been recorded on film in 
the conventional manner, it will be necessary to convert 
the film image to a digital image file using a film digitiser. 
The digital image can then be stored on a computer 
readable storage device or entered onto a PACS ar- 
chive, for future access. 

[0044] It is also necessary during the input step to set 
up access to a library or database containing details of 
all the available prostheses, and therefore the proce- 
dures that may be planned. The database may be locat- 
ed on the workstation on which the user is performing 
the planning, or it may be on a separate computer sys- 
tem connected to the workstation via a computer net- 
work, such as a local area network, or via the Internet. 
The database may be downloaded and/or updated from 
a remote location to the workstation via such a network. 
The database may be updated by adding or removing 
data. It is important that the database be kept up to date, 
so that the planning process does not result in the se- 
lection of a template which no longer accurately repre- 
sents the corresponding prosthesis or which contains 
labelling or other information that no longer correctly re- 
flects the corresponding prosthesis or which has been 
withdrawn by the manufacturer. Templates may be pro- 
vided with expiration dates to facilitate this. Depending 
on how the database is administered, it may therefore 
be necessary to set up a link to the database at the start 
of each planning session, to ensure that the most up-to- 
date version of the database is used. To simplify the pro- 
vision of the database to users in different hospitals, the 
database is advantageously compiled, administered 
and updated by an external provider. The database con- 
tains details of all prostheses currently on the market, 
and is adapted for use in individual hospitals by being 
configured so that a user can only access details of pros- 
theses actually stocked by the relevant hospital. Each 
hospital can be supplied with one or more copies of the 
database. In a preferred embodiment, however, a single 
central database is made available and maintained by 
the external provider and accessed by the user over the 
Internet. Access to templates may thereby be restricted 
to legitimate users. 

[0045] Figure 1 (a) shows an example computer net- 
work which can be used to implement an embodiment 
of the method of the present invention. The network 1 
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comprises a local area network in a hospital 2. The hos- 
pital 2 is equipped with a number of workstations 16 
which each have access, via the local area network, to 
a hospital computer server 18 having an associated 
storage device 20. A PACS archive is stored on the stor- 
age device 20 so that images in the archive can be 
viewed at any of the workstations 16. Also, a number of 
medical imaging devices 8, 1 0, 1 2, 1 4 are connected to 
the hospital computer server 18. Images recorded with 
the devices 8, 10, 12, 14 can be stored directly into the 
PACS archive on the storage device 20. The local area 
network is connected to the Internet 24 by a hospital In- 
ternet server 22. An external database provider 4 main- 
tains a database of prostheses for use in the method of 
the present invention. The database is stored on a pro- 
vider server 28, which is connected to the Internet 24 by 
an Internet provider server 30. Hence workstation users 
in the hospital 2 can access the database of prostheses 
via the Internet 24. 

[0046] The database includes an entry, or data file, for 
each available separable component of a prosthesis 
which could be chosen for use as a result of using the 
planning method. In the present embodiment, there are 
a series of data files for femoral components and a se- 
ries for acetabular components. The data file is imple- 
mented as an object. Various fields are provided for 
each data file, so that all the information which is needed 
for selection of the most appropriate prosthesis is avail- 
able. This typically includes a wide range of measure- 
ments and angles describing the shape of the prosthetic 
component, its intended relationships to the bones, and 
possibly the materials from which the prosthesis is 
made. Additionally, each entry should include user- 
friendly information which uniquely identifies each pros- 
thesis (for example by manufacturer name and serial 
number) and is comprehensible when returned to the 
user at the end of planning, to allow procurement of the 
required prosthesis. Also, an alternative identifier may 
be included, such as a unique code number, for internal 
computer network use, for example, communication 
with a stock control program. 

[0047] Each data file in the database is structured so 
as to have a header part, containing prosthetic system 
identification data, and a body part containing two-sub- 
divisions. A prosthestic system includes the prosthesis 
components and may include other material such as 
measuring devices, and represents a particular product 
range from a manufacturer. Each prosthetic system may 
be embodied in a single data file in the database. One 
subdivision of the body part contains field definitions de- 
fining the relevant characteristics of the prosthesis (such 
as "femoral size", "offset angle"), and the other subdivi- 
sion contains records or values for each field definition. 
The data file may also contain graphical banners for dis- 
play to the user, and an expiration date. The data file 
also contains data relating to the X-ray view and patient 
side (left/right) for which the data file is appropriate. 
[0048] Finally, before the remainder of the planning 



procedure can be undertaken the user is required to en- 
ter information relating to the planning which is going to 
be performed. In particular, details of whether the oper- 
ation is to be performed on the right or left side of the 
5 patient's body, and the type of operation being planned, 
i.e. what prosthesis is to be implanted, is required. This 
enables appropriate geometrical constructs and tem- 
plates to be displayed during the planning procedure. 
Also, the user is required to indicate a range of prosthe- 
10 ses which are to be considered during planning, for ex- 
ample, prostheses or prosthetic systems from a partic- 
ular manufacturer. This facility is provided because 
many surgeons prefer to work with only one or two 
brands of prosthesis, so it is advantageous to limit the 
15 range appropriately before planning begins. All this in- 
formation is entered using a standard data information 
box displayed on the screen, which prompts the user for 
the necessary data. 



[0049] Once the X-ray image is displayed, it is scaled 
or calibrated in a scaling step, so that the physical di- 
mensions of the patient's bone structure can be deter- 
25 mined and used to choose an appropriately sized pros- 
thesis. 

[0050] The bones shown in X-ray images contain a 
degree of magnification, which may or may not be 
known. This arises from the fact that the beam of X-rays 

30 used to record the image is not collimated, and is pass- 
ing through a patient with a given thickness so that the 
bones themselves are never in direct contact with the 
imaging surface. If the exact distances between the im- 
aging surface, the bones and the X-ray source are not 

35 known, the degree of magnification will also be un- 
known. To allow scaling in the case where the magnifi- 
cation is not known, the X-ray image should include a 
reference object of known size in the correct plane, i.e. 
the plane of the hip joint. The reference object can be 

40 any convenient feature that is opaque to X-rays and 
which has a precisely known size. For example, a pre- 
cisely machined disc of metal or other reference marker 
may have been placed in the X-ray field of view in the 
correct plane at the time the X-ray image was taken. Al- 

45 ternatively, the femoral head of a hip replacement al- 
ready performed on the same patient can be used as 
the reference object, if the specification of the femoral 
component is known. 

[0051] Scaling is performed using a display window 
50 called the scaling window, which displays the X-ray im- 
age together with controls to allowthe userto implement 
the scaling step. 

[0052] Figure 2 is a computer screen shot of the scal- 
ing window. In the X-ray image shown 72, the reference 
55 object is a previously implanted hip prosthesis with a 
spherical femoral head 67. To perform the scaling, the 
user selects one of several scaling tools from a tool bar 
68. The tool displays an adjustable shape 66 over the 
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X-ray image 72, which can be manipulated by the user 
(using a mouse or other computer input device) to match 
the size and shape of the X-ray opaque object. In this 
case, the user has selected a tool 70 which gives a cir- 
cular shape 66. Once the user has correctly positioned 
and sized the circular shape 66 on the X-ray image 72, 
the user opens a data entry box 76. The user then types 
the actual known size of the opaque object into the data 
entry box 76, in this case, the diameter of the spherical 
femoral head 67. This information is used to scale the 
image 72 appropriately, so that any dimension subse- 
quently defined with reference to the image can be cal- 
culated. 

[0053] Other scaling tools include a linear measure 
which can be positioned along a known width or length 
of the opaque object, and a rectangle shape which can 
be used to outline a rectangular opaque object. Other 
shapes may be provided as appropriate. 
[0054] If no suitable opaque object was included in the 
X-ray image, the magnification must be estimated by the 
user using knowledge of the protocol used in the hospi- 
tal radiology department when capturing the image. 
However, this technique is less accurate and more error- 
prone than using an opaque object for scaling the im- 
age. Alternatively, the magnification of the X-ray image 
may be known, so that it is not necessary to use one of 
the adjustable scaling tools from the toolbar 68, or to 
estimate the magnification. In the case of estimated or 
known magnification, the user can enter the magnifica- 
tion as a percentage figure into a data entry box (not 
shown), and this information is used to scale the image. 
A percentage value of 100 can be entered if the input 
image is already scaled. 

[0055] To ensure the accuracy of the planning, the us- 
er is required to confirm that the information provided 
for scaling (size or percentage) is correct before the re- 
mainder of the planning procedure can be performed. 

Step S3 - Planning 

[0056] Figure 3 shows a screen shot of a planning 
window which is displayed to the user once scaling is 
complete. The planning window includes the X-ray im- 
age 72, a user choice panel 79 for user choice of differ- 
ent planning tools, and information panels 77 showing 
details of prostheses in available prosthetic systems. 
Banners showing the available prostheses may be dis- 
played to the user in the information panel 77. The user 
may select alternative prosthetic systems at this stage. 
[0057] The user selects from the user choice panel 79 
a planning tool corresponding to the operation being 
planned. In the present example, therefore, a planning 
tool for planning a hip replacement operation has been 
chosen. 

[0058] The planning tool overlays a geometrical con- 
struct 80 on the X-ray image 72. The geometrical con- 
struct 80 comprises a plurality of shapes and lines which 
are defined by geometric parameters corresponding to 



spatial information which is required to select suitable 
templates. If the geometrical construct is correctly posi- 
tioned over the X-ray image, the dimensions and layout 
of the patient's bone structure can be calculated from 
5 the size of the construct and the known scale of the X- 
ray image. 

[0059] Figure 3(a) shows the geometrical construct 
80 in more detail. Using common computer parlance, 
various geometrical constructs described herein will be 
10 referred to as "wizards". In the present example, the ge- 
ometrical construct is therefore termed the hip wizard, 
and the example shown in Figures 3 and 3(a) corre- 
sponds to a right hip joint. Afemur50 and an acetabulum 
52 are shown in outline in Figure 3(a), with the wizard 
15 80 overlaid in an approximate position. 

[0060] The hip wizard 80 comprises a circle 88 having 
three manipulation handles 90A, 90B and 90C. The cen- 
tre of the circle 88 is connected by a first line 91 to a 
second line 86, the first line 91 meeting the second line 
20 86 at fixed angle A, which corresponds to a character- 
istic angle in the range of prostheses indicated for con- 
sideration in the input step S1 . The second line 86 has 
an associated box 82 in the shape of a quadrangle and 
having a manipulation handle 84A, 84B, 84C and 84D 
25 at each comer. The box 82 overlies the second line 86 
such that the second line 86 bisects the lines forming 
short edges of the box 82 between manipulation han- 
dles 84A and 84B ; and between 84C and 84D. 
[0061] After the user selects the wizard 80 from the 
30 user choice panel 79, the wizard 80 is displayed over 
the X-ray image 72. The wizard 80 is automatically po- 
sitioned vertically and horizontally in an initial position 
which is close to the correct position. This is achieved 
using prior knowledge and experience of the typical field 
35 of view of an X-ray of the pelvic area taken for the pur- 
pose of planning hip replacement surgery. The user can 
drag the hip wizard 80 across the image 72 and resize 
it by use of the manipulation handles, by using a mouse 
or similar device. Firstly, the user manipulates the box 
40 82 by dragging each of the comer handles 84A-D so that 
the box 82 outlines the femoral canal, within the femur. 
The purpose of positioning the box 82 is to locate the 
second line 86 (which moves with the box 82 such that 
it always bisects the box edges 84A-84B and 84C-84D) 
45 correctly along the length of thefemursuchthat itfollows 
the longitudinal axis of the bone. This is achieved by 
positioning the upper part of the box 82 at the point at 
which the femur is flared, and the lower end of the box 
far enough down the canal so that the second line 86 is 
50 satisfactorily aligned with the axis of the femur. 

[0062] The userthen drags the circle 88 over the fem- 
oral head and manipulates the position and size of the 
circle 88 using the handles 90A, 90B and 90C so that 
the circle 88 outlines the femoral head. 
55 [0063] Each time the wizard 80 or part thereof is re- 
positioned or resized, a selection algorithm is executed, 
which selects from the database one or more data files 
representing suitable prostheses. Using the scaling of 
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the image, geometrical parameters are taken from the 
manipulated wizard 80. Each of these geometrical pa- 
rameters corresponds to parameters which describe the 
available prostheses. For example, the length of long 
edge 84A-84D of the box 82 corresponds to the shaft 
size (length) of the prosthesis to be implanted; the size 
of the circle 88 corresponds to the size of the acetabular 
component; and the distance between the line 86 and 
the centre of the circle 88 is used to measure the pa- 
tient's physiological offset (shortest distance between 
the axis of rotation of the femoral head and the axis of 
the femoral shaft) and corresponds to the offset size of 
the prosthesis. Each prosthesis has an associated rep- 
resentative to-scale template which shows a two-dimen- 
sional outline of the prosthesis. The parameters of the 
prostheses are stored in the database linked in the input 
step. Each prosthesis has a data file which holds perti- 
nent details relating to it, including all relevant dimen- 
sions, and manufacturer's details and part numbers, 
plus data representing the corresponding template. 
[0064] The selection algorithm compares each of the 
wizard geometrical parameters in turn with the equiva- 
lent parameter for each of the accessible data files rep- 
resenting prosthetic components in the database, and 
selects one or more prosthetic components which best 
match the wizard parameters. The algorithm may in- 
clude specified tolerance levels for particular parame- 
ters, so that it can return a range of prostheses of varying 
suitability. For example, it may be that the particular pa- 
tient dimensions mean that one prosthesis is a good fit 
in the femoral component and less good in the acetab- 
ular component whereas an alternative prosthesis is a 
good fit in the acetabular component but less good in 
the femoral component. The use of tolerances means 
that the algorithm will identify both prostheses. 
[0065] Details of the prostheses selected by the se- 
lection algorithm are shown to the user in the information 
panels 77. The panels include lists of a range of values 
of each prosthesis parameter. The parameter values of 
the prostheses selected by the selection algorithm are 
highlighted in the lists, for example by shading of the 
text. Further manipulation of the wizard 80 causes re- 
execution of the selection algorithm, and the information 
panels 77 are then updated to indicate the results of this 
re-execution. In this way, the user can monitor the se- 
lection process and is provided with an immediate visual 
indication of how any given manipulation of the wizard 
80 affects prosthesis selection. 

[0066] Once the user is satisfied that the position of 
the wizard 80 correctly reflects the anatomical features 
of the patient, the user can then click on an on-screen 
control button 92 to progress to the templating step of 
the planning procedure. 

Step S4 - Templating 

[0067] Figure 4 shows a screen shot of a templating 
window which is displayed to the user in the templating 



step. The X-ray image 72 is shown, upon which a tem- 
plate of a prosthesis is superimposed. 
[0068] The templating window includes a series of 
prosthesis chooser panels 98, which are similar to the 

5 information panels 77 of the planning window, in thatthe 
prosthesis chooser panels 98 list a range of values for 
each prosthesis parameter. The prostheses selected by 
the selection algorithm in the planning step are present- 
ed in the chooser panels 98 as a series of recommen- 

10 dations, identified by shaded areas 100A and 100B 
overlying the relevant values. Darker shading indicates 
the best available match for that parameter, while paler 
shading indicates less good matches which nonethe- 
less fall within the algorithm tolerance levels and are 

15 hence regarded as usable. Unshaded values are not 
recommended for use but may still be chosen by the 
user using clinical judgement. The user then picks (us- 
ing a mouse or similar) one parameter from each pros- 
thesis chooser panel 98, using the shaded areas 1 00A 

20 and 1 00B as an aid to making a suitable choice. Once 
the user has chosen sufficient parameters from the 
chooser panels 98 to uniquely identify a particular pros- 
thesis, the template data from the relevant data file and 
the orientation of the hip wizard from the planning step 

25 are used to depict the corresponding template in posi- 
tion over the femur and pelvis in the X-ray image 72. 
The template consists of outlined parts representing the 
femoral component of the prosthesis 94, also known as 
a stem, and the acetabular component 96, also known 

30 as an acetabular cup. If an insufficient number of pa- 
rameters is picked, there will not be enough information 
to uniquely identify an appropriate data file so that two 
or more data files may be found to match the user's cho- 
sen parameters. In this case, no template is displayed 

35 and the user informed via a dialogue box. If no appro- 
priate data file can be found at all, owing to an ill-assort- 
ed choice of parameters, again no template is displayed, 
and the user similarly informed. 

[0069] The user can then consider the template and 
40 make a decision as to whether the prosthesis it repre- 
sents appears to be suitable, based on howwellthetem- 
plate aligns with the patient's bone structure as shown 
on the X-ray image 72. The user can make alternative 
choices from the chooser panels 98, to display other 
45 templates for the purposes of comparison. The template 
femoral and acetabular components 94 and 96 may be 
repositioned by clicking and dragging, to aid in the de- 
cision making process. 

[0070] If the user finds that none of the templates rec- 
50 ommended in the chooser panels 98 are a satisfactory 
match with the patient's bone structure, the user can re- 
turn to the planning window by clicking on a control in- 
cluded in the template window. The hip wizard can then 
be further manipulated, and the selection algorithm will 
55 be reexecuted using the new wizard parameters, with 
the results shown in the information panels 77. When 
the user subsequently moves back to the templating 
window, the shaded values in the chooser panels 98 are 
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updated accordingly to show the modified recommen- 
dations as selected by the selection algorithm. Choice 
of prostheses and display of corresponding templates 
then continues as before. 

[0071] To aid in the choice of a suitable prosthesis, 
the values in the chooser panels 98 lists are displayed 
in bold or standard text. Standard text is used to repre- 
sent values which are not available in conjunction with 
already chosen values of other parameters, owing to the 
range of prostheses available. The use of standard or 
bold text is therefore updated each time a value is se- 
lected. 

Step S5 - Output 

[0072] Once the user has decided on a particular tem- 
plate, and hence also on its corresponding prosthesis, 
he indicates his choice by clicking on a suitably-labelled 
button inthetemplatewindowormenu item (notshown). 
This action triggers the final step of the planning proc- 
ess, which is the output step. 

[0073] A record of the choice of prosthesis can be out- 
put in one or more ways, depending on the system to 
which the workstation is connected. A window with 
checkboxes can be provided on the display for the user 
to indicate which outputs are required at that time. 
[0074] Preferably, the output step generates an out- 
put data file which records the choice of prosthesis to- 
gether with the patient's details. The prosthesis will typ- 
ically be identified by manufacturer name and a serial 
number, although a particular hospital could use an in- 
ternal identification system. Additional information can 
usefully be included in the output data file, such as us- 
er's (surgeon's) name, date of planning, and proposed 
or actual date of operation. 

[0075] The output step then delivers the output data 
file in the way indicated by the user or according to pre- 
set configurations. If the workstation is connected to a 
PACS archive, thefile should be recorded in the archive, 
with a link to the relevant X-ray image so that the two 
files can be retrieved together if necessary. Alternatively 
or additionally, the file can be stored in a separate ar- 
chive or database unconnected with the X-ray image file 
which may be on the hard disk of the workstation used 
or on an alternative data storage medium, or it may be 
transferred to a different computer, for example, by 
email. If the workstation is connected to a printer, either 
locally or over a network, the data file can be printed out 
as a hard copy for inclusion in the patient's paper 
records or for use as a memo to other hospital staff. 
[0076] Additionally, the data file may usefully be sent 
over a network to a stock control department of the hos- 
pital where it can be compared, either manually, or pref- 
erably by computer, with records of existing prosthesis 
stock. In this way, a particular prosthesis can be ear- 
marked for a particular operation, or a stock order can 
be generated if the prosthesis is not in stock. 



Second Embodiment - Knee Replacement Surgery 
Planning 

[0077] The second embodiment of the invention re- 
5 lates to computer-implemented planning for knee re- 
placement surgery. In such surgery, the knee capsule is 
opened, and the ends of the femur and tibia are trimmed 
and augmented with implants which may or may not be 
held in place with cement. The femoral component is a 
10 metal shell, and thetibial component is a metal and plas- 
tic trough. 

[0078] This embodiment has the same basic steps as 
the first embodiment, and the planning procedure is per- 
formed in a similar way. The two embodiments differ in 
15 that the knee replacement planning is usually based on 
two previously obtained X-ray images of a patient's 
knee, one from the side (medio-lateral (ML) view) and 
one from the front (anterior-posterior (AP) view). Unlike 
the hip, where enough information can usually be de- 
20 rived from a single AP X-ray image, two different views 
of the knee are used to ensure that the selected pros- 
thesis is a sufficiently good fit. The ML view is normally 
used to select and choose the femoral component, and 
the AP view is normally used to select and choose the 
25 tibial component. 

[0079] The images are input and scaled as described 
above with reference to steps 1 and 2 of the hip replace- 
ment planning embodiment. Once the two X-ray images 
are available and scaled, a planning window is dis- 
30 played, which includes a view of one of the X-ray imag- 
es, and a planning tool selector to permit selection of a 
geometrical construct, or wizard. 
[0080] Because the knee prosthesis consists of two 
unconnected parts (the femoral and tibial components), 
35 the planning is performed in each of the X-ray image 
views by using two geometrical constructs or wizards 
which are independently manipulatable. These are re- 
ferred to as the femoral wizard and the tibial wizard and 
respectively correspond to the femoral component and 
40 the tibial component of the prosthesis. In the following 
description, the wizards are referred to with reference 
to the ML and AP views. Within each view, the femoral 
and tibial wizards are independent of one another. How- 
ever, the femoral wizard in the ML view is interrelated 
45 with the femoral wizard in the AP view, and similarly for 
the tibial wizard in each of the two views. The nature of 
this inter-relation will be discussed in more detail later. 
[0081] Figure 5 shows a screen shot of the planning 
window, with a ML X-ray image 200 displayed. Both the 
50 femoral wizard and the tibial wizard have been selected 
using a planning tool 1 06, so that the ML view femoral 
wizard 102A and the ML view tibial wizard 104A dis- 
played overlaid on the knee bones in the X-ray image 
200. 

55 [0082] Figure 5(a) shows the ML viewfemoral and tib- 
ial wizards 1 02A, 1 04A in more detail. An underlying im- 
age of a femur 54 and tibia 56 is shown in outline, with 
the wizards 1 02A, 1 04A in an approximate position. The 
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ML view femoral wizard 102A comprises five straight 
lines. Four of these lines 202, 204, 205, and 206 are 
connected to form a quadrangular box, with the line 202 
extending beyond the box. The fifth line 203 extends 
across the box parallel to the line 204. The relative 
lengths of the lines and the angles between them can 
be altered by dragging on suitably provided drag han- 
dles 106, 110 and 112. 

[0083] The ML view femoral wizard 1 02A is positioned 
by using the handle 1 06 to move the whole wizard 1 02A 
so that the extending line 202 is placed on the anterior 
edge of the femur. The handle 1 06 itself is located along 
the line 202 such that if the handle 106 is positioned just 
above the start of the patella groove on the femur, the 
femoral wizard is approximately correctly placed. This 
line 202 is then orientated by dragging with the handle 
1 1 0 so that the line 202 is moved onto the anterior fem- 
oral shaft proximal to the handle 1 06. Finally, the comer 
112 between the lines 204 and 206 is manipulated so 
thatthe line 206 just contacts the distal and anterior mar- 
gins of the condyles. The box formed by lines 202, 204, 
205 and 206 then outlines the end of the femur. When 
the wizard 1 02A is correctly positioned, the line 203 rep- 
resents the predicted surgical cut line and the parallel 
line 204 lies along the physiological bearing surface of 
the joint. Line 205, which is also parallel to line 203, is 
a measurement line that provides a geometrical param- 
eter which is used to recommend an appropriately sized 
femoral component. 

[0084] The ML view tibial wizard 104A comprises a 
tibial shaft axis definition line 1 1 8A having a drag handle 
1 1 6 at each end, and an elongate rectangular box 1 20A 
also having a drag handles 121 A and 121 B at each end. 
The tibial shaft axis definition line 1 1 8A is at an angle to 
the long sides of the box 120A which is defined by a 
characteristic angle of the range of prostheses selected 
for consideration in the input step, known as the poste- 
rior slope angle. The ML view tibial wizard 1 04A is po- 
sitioned by using the handles 1 1 6to movethe tibial shaft 
axis definition line 118A such that it is positioned along 
the axis of the tibia, by aligning it with the straight part 
of the posterior edge of the tibia. Then the handles 1 21 A 
and 121B are used to drag the box 120A into position 
such that the line forming the upper long side of the box 
approximates to the knee joint line. Figure 5 shows the 
ML view wizards 1 02A, 1 04A suitably positioned. 
[0085] The user now refers to the AP X-ray image by 
clicking on a suitably-labelled button in the planning win- 
dow to bring up this image in place of the ML X-ray im- 
age 200. In an alternative embodiment, the planning 
window may display both images at once. 
[0086] Figure 6 shows a screen shot of the planning 
window with an AP X-ray image 21 0 displayed. Both the 
femoral and tibial wizards have been selected using the 
planning tool 1 06, so the AP view femoral wizard 1 02B 
and the AP view tibial wizard 1 04B are shown superim- 
posed over the X-ray image 210. 
[0087] Figure 6(a) shows the AP view femoral wizard 



1 02B and tibial wizard 1 04B in more detail. An underly- 
ing image of a femur 54 and tibia 56 is shown in outline, 
with the wizards 102B, 104B in an approximate position. 
The AP view femoral wizard 102B comprises a quad- 

5 rangular box 21 0 having a drag handle 1 30 at each com- 
er, and a substantially horizontal elongate box 134 po- 
sitioned below the box 210. The wizard 102B is posi- 
tioned by dragging the handles 130 so as to outline the 
femoral shaft, so as to establish the axis of the femoral 

fo shaft, as shown in Figure 6. This will give a femoral shaft 
centre line that will emerge either centrally in the inter- 
condylar notch or slightly to one side. The box 134 is 
then positioned by the user so that its upper horizontal 
edge corresponds to the desired position of the distal 

15 femoral surgical cut line to be used in the forthcoming 
operation. Additionally, the user is required to enter into 
a dialogue box the valgus angle of the patient, which is 
determined in advance by physical examination of the 
patient (The valgus angle is the angle of displacement 

20 of the femur from the weight-bearing axis down the leg). 
This establishes the final parameter required for this 
wizard. 

[0088] The AP view tibial wizard 1 04B comprises an 
elongate box 120B and a tibial shaft axis definition line 

25 11 8B. As in the ML view tibial wizard, the angle between 
the box 1 20B and the line 1 1 8B is defined by the poste- 
rior slope angle of prostheses indicated for considera- 
tion in the input step. To position the APviewtibial wizard 
104B, the user clicks on the tibial shaft axis definition 

30 line 1 1 8B and drags it over the tibia using the handles 
on either end to align it along the centre line of the tibial 
shaft. The user then positions the handles at either end 
of the elongate rectangular box 1 20B on the medial and 
lateral margins of the tibial plateau so that upper hori- 

35 zontal line 122 of the elongate rectangular box 120B is 
aligned with the physiological bearing surface line of the 
joint, or the lower horizontal line 123 of the elongate rec- 
tangular box 120B is aligned with the predicted surgical 
cut line. Clinical judgement and personal preference is 

40 used to determine which of these two lines 1 22 or 1 23 
is used to appropriately position the AP viewtibial wizard 
1 04B. The distance between the two lines 1 22 and 1 23 
is fixed and determined by the prosthetic system chosen 
by the user, because each system requires a surgical 

45 cut line to be made appropriately relative to the bearing 
surface of the joint. Figure 6 shows the AP view femoral 
and tibial wizards 102B, 104B correctly positioned. 
[0089] If desired, the user can move between the AP 
and ML images or can view both simultaneously to ad- 

50 just the wizards until they are suitably positioned. As ad- 
justments are made, a selection algorithm similarto that 
used in the first embodiment is executed to select suit- 
able prostheses from a database, using parameters de- 
rived from the dimensions and positions of the manipu- 

55 lated wizards. The database is similar to that described 
for hip replacement prostheses, with the additional fea- 
ture that each data file includes image data for two tem- 
plates, one showing the ML outline of the prosthesis and 
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one showing the AP outline. The results of the selection 
algorithm appear in information panels 135 in the plan- 
ning window. 

[0090] Once the user is satisfied with the positions of 
the wizards, the planning process can move onto the 
templating step, which is activated, as before, by the us- 
er clicking on a suitably labelled button in the planning 
window to move to a templating window. 
[0091] In the templating window, either of the two X- 
ray images can be displayed (or, alternatively, both can 
be displayed at one time). Figure 7 shows a templating 
window displaying an ML image, and Figure 8 shows a 
templating window displaying an AP image. In the tem- 
plating window, the user is provided with chooser panels 
1 28 listing values of parameters relevant to the two com- 
ponents of knee prostheses, with the results returned 
by the algorithm recommended by shaded areas. 
Choice of a parameter from each panel by the user al- 
lows the corresponding templates to be superimposed 
on the X-ray image for inspection by the user. The tem- 
plates show the femoral component 124 and the tibial 
component 126. These can be dragged across and ro- 
tated on the image independently so that the user can 
check the size and positioning before making a final 
choice of prosthesis. 

[0092] Regarding the inter-relation between the wiz- 
ards in the two views, this can be implemented in a var- 
ious ways, and is based on the fact that the knee pros- 
thesis components are three-dimensional, and bone 
measurements in three dimensions need to be consid- 
ered to choose an appropriate prosthesis. Two possible 
implementations will now be described. 
[0093] In the first implementation, the femoral wizard 
and the tibial wizard are each three-dimensional geo- 
metrical constructs, unrelated to each other. The AP and 
ML views of each wizard are two-dimensional projec- 
tions of these constructs, so that in each view, each wiz- 
ard appears as a two-dimensional collection of lines and 
shapes which are interconnected. Manipulation in one 
view hence moves corresponding parts of the three-di- 
mensional construct so that the other projection in the 
other view is correspondingly altered. Thus the wizards 
can be manipulated in three dimensions and accurately 
matched to the imaged bone structure. 
[0094] A second implementation uses two two-dimen- 
sional geometrical constructs for each of the tibial and 
femoral wizards, one construct for each view. In each 
view, the wizards can be manipulated, but there is no 
corresponding adjustment of that wizard in the other 
view. Each view therefore results in the determination 
of a different set of geometric parameters. The inter-re- 
lation is provided at the level of the database, where the 
data file for each prosthesis contains parameters de- 
scribing that prosthesis. These parameters correspond 
to the geometric parameters determined from each of 
the two-dimensional wizards, so that each database en- 
try is linked to both views of the wizard. Therefore, ma- 
nipulation of the wizards in either view causes the se- 



lection algorithm to compare the geometric parameters 
with those in the database and possibly select and rec- 
ommend a different prosthesis. 

5 Further embodiments 

[0095] Although the present invention has been de- 
scribed in detail with respect to hip and total knee re- 
placement surgery, it is not limited thereto. It can also 

10 be used for planning surgery for the replacement of oth- 
er joints, including small joints and joints in the spine 
and upper limb, if a suitable database of prostheses is 
provided, and the geometrical constructs are modified 
so as to map the relevant measurements for the joint in 

15 question. 

[0096] Although the first and second embodiments 
described herein use one and two patient images re- 
spectively, there is no limit to the amount of views which 
can be accommodated. However, the use of one or two 

20 images to plan orthopaedic surgery is typical, with three 
being used occasionally. To perform planning with the 
present invention using a particular number of images, 
a corresponding number of views of wizards must be 
provided (be they various two-dimensional projections 

25 of a single three-dimensional geometrical construct, or 
separate wizards linked via the parameters in the data- 
base), together with templates representing each of the 
appropriate outlines of the prostheses. Specifically, the 
present invention may be used for planning hip replace- 

30 ment surgery with ML patient images, if the database 
includes ML templates of the femoral and acetabular 
components, and a ML view hip wizard is provided. This 
is useful in planning hip revision surgeiy which is per- 
formed in the event of failure of a previously implanted 

35 prosthestic hip joint. The replacement femoral compo- 
nent has a longer stem than the original. This means 
that a ML patient image is required to identify a well- 
fitting prosthesis because it is necessary to take account 
of a bend in the lower part of the femur in the ML plane. 

40 

Claims 

1. A computer-implemented method of planning or- 
45 thopaedic surgery, comprising: 

providing a library of templates representing or- 
thopaedic prostheses; 

displaying a patient image showing anatomical 
50 features that are relevant for the orthopaedic 

surgery being planned; 

scaling the patient image according to user in- 
put; 

displaying overthe patient image a geometrical 
55 construct defined by a plurality of interrelated 

geometric parameters; 

allowing a user to reconfigure the geometrical 
construct by adjusting the geometric parame- 
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ters according to the anatomical features of the 
underlying patient image; and 
selecting at least one template from the library 
in accordance with the geometric parameters 
set by the user. 

2. The method of claim 1 , wherein the patient image 
is an X-ray image. 

3. The method of claim 1 or claim 2, wherein the geo- 
metric parameters include lengths and/or angles. 

4. The method of any preceding claim, and further 
comprising, before the selecting: 

displaying a further patient image showing an- 
atomical features that are relevant for the or- 
thopaedic surgery being planned; 
scaling the further patient image according to 
user input; 

displaying over the further patient image a fur- 
ther geometrical construct defined by a plurality 
of interrelated further geometric parameters; 
and 

allowing a user to reconfigure the further geo- 
metrical construct by adjusting the further geo- 
metric parameters according to the anatomical 
features of the underlying further patient image; 
and wherein the selecting at least one template 
is in accordance with the geometric parameters 
and the further geometric parameters set by the 
user. 

5. The method of claim 4, wherein the patient image 
is an anterior-posterior view and the further patient 
image is a medio-lateral view. 

6. The method of any preceding claim, wherein the ge- 
ometric parameters are adjusted according to ana- 
tomical features of a femur so as to allow selection 
of a template representing a femoral component of 
a hip prosthesis. 

7. The method of any preceding claim, wherein the ge- 
ometric parameters are adjusted according to ana- 
tomical features of a pelvis so as to allow selection 
of a template representing an acetabular compo- 
nent of a hip prosthesis. 

8. The method of claim 4 or claim 5, wherein the geo- 
metric parameters and the further geometric pa- 
rameters are adjusted according to anatomical fea- 
tures of a knee joint so as to allow selection of tem- 
plates representing femoral and tibial components 
of a knee prosthesis. 

9. A computer-implemented method of planning or- 
thopaedic surgery, comprising: 



providing a library of templates representing or- 
thopaedic implants; 

displaying first and second patient images 
showing anatomical features that are relevant 
5 for the orthopaedic surgery being planned; 

scaling the first and second patient images ac- 
cording to user input; 

displaying over the first patient image a first 
view of a geometrical construct, the geometri- 
10 cal construct being defined by a plurality of ge- 

ometric parameters interrelated in three dimen- 
sions; 

displaying overthe second patient image a sec- 
ond view of the geometrical construct; 
15 allowing a user to reconfigure the geometrical 

construct according to the anatomical features 
of the underlying patient images, by adjusting 
geometric parameters adjustable in the first 
and second views; and 
20 selecting at least one template from the library 

in accordance with the geometric parameters 
set by the user. 

10. The method of claim 9, wherein the first patient im- 
25 age is an anterior-posterior view and the second pa- 
tient image is a medio-lateral view. 

1 1 . The method of claim 9 or claim 10, wherein the ge- 
ometric parameters are adjusted according to ana- 

30 tomical features of a femur so as to allow selection 
of a template representing a femoral component of 
a knee prosthesis. 

12. The method of any one of claims 9 to 11, wherein 
35 the geometric parameters are adjusted according 

to anatomical features of a tibia so as to allow se- 
lection of a template representing a tibial compo- 
nent of a knee prosthesis. 

40 1 3. The method of claim 9 or claim 10, wherein the ge- 
ometric parameters are adjusted according to ana- 
tomical features of a femur so as to allow selection 
of a template representing a femoral component of 
a hip prosthesis. 

45 

14. A computer program product carrying machine- 
readable instructions for implementing a method of 
planning orthopaedic surgery, comprising: 

50 providing a library of templates representing or- 

thopaedic prostheses; 

displaying a patient image showing anatomical 
features that are relevant for the orthopaedic 
surgery being planned; 
55 scaling the patient image according to user in- 

put; 

displaying overthe patient image a geometrical 
construct defined by a plurality of interrelated 
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geometric parameters; 

allowing a user to reconfigure the geometrical 
construct by adjusting the geometric parame- 
ters according to the anatomical features of the 
underlying patient image; and 
selecting at least one template from the library 
in accordance with the geometric parameters 
set by the user. 

15. Thecomputerprogram product of claim 14, wherein 
the patient image is an X-ray image. 

1 6. The computer program product of claim 1 4 or claim 
15, wherein the geometric parameters include 
lengths and/or angles. 

1 7. The computer program product of any one of claims 
1 4 to 1 6, and further comprising, before the select- 
ing: 

displaying a further patient image showing an- 
atomical features that are relevant for the or- 
thopaedic surgery being planned; 
scaling the further patient image according to 
user input; 

displaying over the further patient image a fur- 
ther geometrical construct defined by a plurality 
of interrelated further geometric parameters; 
and 

allowing a user to reconfigure the further geo- 
metrical construct by adjusting the further geo- 
metric parameters according to the anatomical 
features of the underlying further patient image; 
and wherein the selecting at least one template 
is in accordance with the geometric parameters 
and the further geometric parameters set by the 
user. 

18. Thecomputerprogram product of claim 1 7, wherein 
the patient image is an anterior-posterior view and 
the further patient image is a medio-lateral view. 

1 9. The computer program product of any one of claims 
1 4 to 1 8, wherein the geometric parameters are ad- 
justed according to anatomical features of a femur 
so as to allow selection of a template representing 
a femoral component of a hip prosthesis. 

20. The computer program product of any one of claims 
1 4 to 1 9, wherein the geometric parameters are ad- 
justed according to anatomical features of a pelvis 
so as to allow selection of a template representing 
an acetabular component of a hip prosthesis. 

21 . The computer program product of claim 1 7 or claim 
1 8, wherein the geometric parameters and the fur- 
ther geometric parameters are adjusted according 
to anatomical features of a knee joint so as to allow 



selection of templates representing femoral and tib- 
ial components of a knee prosthesis. 

22. A computer program product carrying machine- 
5 readable instructions for implementing a method of 

planning orthopaedic surgery, comprising: 

providing a library of templates representing or- 
thopaedic implants; 

10 displaying first and second patient images 

showing anatomical features that are relevant 
for the orthopaedic surgery being planned; 
scaling the first and second patient images ac- 
cording to user input; 

15 displaying over the first patient image a first 

view of a geometrical construct, the geometri- 
cal construct being defined by a plurality of ge- 
ometric parameters interrelated in three dimen- 
sions; 

20 displaying overthe second patient image a sec- 

ond view of the geometrical construct; 
allowing a user to reconfigure the geometrical 
construct according to the anatomical features 
of the underlying patient images, by adjusting 

25 geometric parameters adjustable in the first 

and second views; and 

selecting at least one template from the library 
in accordance with the geometric parameters 
set by the user. 

30 

23. Thecomputerprogram product of claim 22, wherein 
the first patient image is an anterior-posterior view 
and the second patient image is a medio-lateral 
view. 

35 

24. The computer program product of claim 22 or claim 
23, wherein the geometric parameters are adjusted 
according to anatomical features of a femur so as 
to allow selection of a template representing a fem- 

40 oral component of a knee prosthesis. 

25. The computer program product of any one of claims 
22 to 24, wherein the geometric parameters are ad- 
justed according to anatomical features of a tibia so 

45 as to allow selection of a template representing a 
tibial component of a knee prosthesis. 

26. The computer program product of claim 22 or claim 
23, wherein the geometric parameters are adjusted 

50 according to anatomical features of a femur so as 
to allow selection of a template representing a fem- 
oral component of a hip prosthesis. 

27. The computer program product of any one of claims 
55 14 to 26, wherein the machine-readable instruc- 
tions are stored in a recording medium. 

28. The computer program product of any one of claims 
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14 to 26, wherein the machine-readable instruc- 
tions are conveyed on a transmission medium. 

29. A computer system for implementing a method of 
planning orthopaedic surgery, comprising: 

memory in which is stored: 

a library of templates representing ortho- 
paedic prostheses; and 
patient images showing anatomical fea- 
tures that are relevant for the orthopaedic 
surgery being planned; 

a display device operable to display one of the 

patient images; and 

a processor operable to: 

scale the displayed patient image accord- 
ing to user input; 

display over the patient image a geometri- 
cal construct defined by a plurality of inter- 
related geometric parameters; 
allow a user to reconfigure the geometrical 
construct by adjusting the geometric pa- 
rameters according to the anatomical fea- 
tures of the displayed patient image; and 
select at least one template from the library 
in accordance with the geometric parame- 
ters set by the user. 

30. The computer system of claim 29, wherein 

the display device is further operable to dis- 
play a further one of the patient images; and 
the processor is further operable to: 

scale the displayed further patient image ac- 
cording to user input; 

display over the further patient image a further 
geometrical construct defined by a plurality of 
interrelated further geometric parameters; 
allow a user to reconfigure the further geomet- 
rical construct by adjusting the further geomet- 
ric parameters according to the anatomical fea- 
tures of the displayed further patient image; 
and 

select at least one template from the library in 
accordance with the geometric parameters and 
the further geometric parameters set by the us- 
er. 

31. A computer system for implementing a method of 
planning orthopaedic surgery, comprising: 

memory in which is stored: 

a library of templates representing ortho- 
paedic prostheses; and 



patient images showing anatomical fea- 
tures that are relevant for the orthopaedic 
surgery being planned; 

5 a display device operable to display a first and 

a second of the patient images; and 
a processor operable to: 

scale the displayed patient images accord- 
ing to user input; 

display over the first patient image a first 
view of a geometrical construct, the geo- 
metrical construct being defined by a plu- 
rality of geometric parameters interrelated 
in three dimensions; 

display over the second patient image a 
second view of the geometrical construct; 
allow a user to reconfigure the geometrical 
construct according to the anatomical fea- 
tures of the underlying patient images, by 
adjusting geometric parameters adjustable 
in the first and second views; and 
select at least one template from the library 
in accordance with the geometric parame- 
ters set by the user. 

32. The computer system of any one of claims 29 to 31 , 
wherein the library of templates is stored such that 
it can be accessed by the processor via the Internet. 

33. The computer system of any one of claims 29 to 32 , 
wherein the patient images are stored in an archive 
comprised within a Picture Archiving and Commu- 
nication System. 
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